Abstract. Oral squamous cell carcinoma (OSCC) is a life-threatening disease with a poor prognosis. Although previous studies have reported that the methylation of certain genes is associated with the pathogenesis of OSCC, the methylation of genes that have relevance to OSCC progression is not clearly documented. The present study aimed to gain insights into the mechanisms underlying DNA methylation regulation associated with OSCC progression and to identify potential prognostic markers for OSCC treatment. DNA methylation dataset GSE41114 and gene expression dataset GSE74530 were downloaded from the Gene Expression Omnibus database. The global methylation status of OSCC tumor samples and normal control samples was determined, and differentially methylated genes (DMGs) in OSCC samples compared with control samples were identified. The mRNA expression data were then integrated to identify differentially expressed genes (DEGs) in OSCC samples compared with control samples. Overlapping genes between DEGs and DMGs were identified, and functional enrichment analysis was performed. In addition, survival analysis of the overlapping genes was performed to screen genes with prognostic significance in OSCC. A total of 40,115 differential methylation CpG sites spanning 3,360 DMGs were identified; CpG sites in the promoter, gene body and intergenic regions were generally highly hypermethylated or hypomethylated. Additionally, 508 DEGs in OSCC samples were identified, including 332 upregulated and 176 downregulated genes. A total of 82 overlapping genes between DEGs and DMGs were found, which were mainly involved in protein metabolism, regulation of the metabolic process and the immune system. Additionally, differential methylation or expression of several genes, including fibroblast activation protein α (FAP), interferon α inducible protein 27 (IFI27), laminin subunit γ2 (LAMC2), matrix metallopeptidase 1 (MMP1), serine peptidase inhibitor Kazal-type 5 (SPINK5) and zinc finger protein 662 (ZNF662), was significantly associated with the survival of OSCC patients, and their differential expression in OSCC patients was further confirmed by reverse transcription-quantitative polymerase chain reaction in OSCC and normal oral cell lines. Overall, FAP, IFI27, LAMC2, MMP1, SPINK5 and ZNF662 genes caused by epigenetic changes via DNA methylation may be associated with the development and progression of OSCC, and should be valuable OSCC therapeutic biomarkers.
Introduction
Oral squamous cell carcinoma (OSCC), the most prevalent type of SCC of the head and neck (HNSCC), typically behaves in an aggressive manner, frequently leading to local invasion and early lymph node metastasis (1) . In addition, ~60% of head and neck cancer cases are diagnosed with advanced stage disease with a high lethality rate (2) . Despite improvements in the treatment of OSCC, including surgery, radiotherapy and chemotherapy, its survival has not markedly improved and OSCC remains a life-threatening illness with a poor prognosis due to frequent development of local-regional recurrence or/and distant organ metastasis (3) . It would be of great value to find useful biomarkers and prognostic molecular signatures to aid in the development of novel therapeutic strategies or chemopreventive agents.
DNA methylation serves an important role in cancer initiation, progression and metastasis, partially by transcriptional silencing of tumor suppressor genes (TSGs) (4) . Khor et al (5) demonstrated 33 promoter hypermethylated genes such as dimethylarginine dimethylaminohydrolase 2 and dual specificity phosphatase 1 that were significantly silenced in OSCC, which may be used as hypermethylated-based biomarkers. Basu et al (6) reported a unique set of differentially methylated immune genes in OSCC patients. Furthermore, Clausen et al (7) revealed that WNT1 inducible signaling pathway protein 1 hypomethylation contributed to lymph node metastasis in OSCC. Although previous studies have reported that the methylation of certain genes is associated with the pathogenesis of OSCC, the methylation of genes that have relevance to OSCC progression is not clearly documented. High throughput genome-wide methylation studies offer novel ways to understand the significance of DNA methylation and its impact on gene regulation (8) (9) (10) . Numerous studies have used the integration of DNA methylation data and gene expression data for identifying novel epigenetically deregulated genes involved in cancer development/progression (11, 12) . Li et al (13) identified several biomarkers for the early detection of buccal OSCC using the Illumina GoldenGate Methylation Cancer Panel. In the present study, comprehensive analyses of transcriptome microarray and methylation microarray data downloaded from a public database were performed. Differentially expressed genes (DEGs) and differentially methylated genes (DMGs) in OSCC samples were identified, and functional enrichment analysis was performed for overlapping genes between DEGs and DMGs to investigate their potential roles in OSCC progression. Survival analysis of the overlapping genes was performed to screen genes with prognostic significance in OSCC. This systematic approach should provide novel insights into the understanding of mechanisms underlying DNA methylation regulation associated with OSCC pathogenesis and progression, and contribute to the development of prognostic markers with potential clinical significance in OSCC treatment.
Materials and methods
Gene expression and DNA methylation datasets. The Gene Expression Omnibus (GEO; https://www.ncbi.nlm.nih. gov/geo/) is a gene expression/molecular abundance repository from the National Center for Biotechnology Information that archives and freely distributes microarray, next-generation sequencing and other functional genomics data submitted by the scientific community. In the present study, DNA methylation data from the study by Pickering et al (15) was retrieved from the GEO database with accession number GSE41114; this dataset includes data from 42 OSCC tumor samples and 4 normal control samples. The available clinical factors are provided in Table I . The β-value that estimates a ratio of DNA methylation signal intensity to the sum of the methylated and unmethylated intensities at each position was detected based on the GPL13534 Illumina HumanMethylation 450 BeadChip platform (Illumina, Inc., San Diego, CA, USA). Additionally, gene expression data from tumor tissues and adjacent non-tumor tissues from 6 clinical OSCC patients was downloaded from the GEO database with accession number GSE74530 (16) . The platform of GPL570 [HG-U133_ Plus_2] Affymetrix Human Genome U133 Plus 2.0 Array (Affymetrix; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used for the quantification of transcriptome expression profiles.
Assessment of genome-wide DNA methylation levels. The downloaded methylation data was preprocessed using the Illumina Methylation Analyzer (IMA) package in R (http://ima.r-forge.r-project.org/), which was designed to automate the pipeline for analyzing site (methylation locus)-level and region (all loci in a gene)-level methylation changes in epigenetic studies. Methylation sites with P-values >0.05 in >75% of the samples were filtered out, and samples with P-values >1x10 -5 at >75% of CpG sites were excluded from the analysis. Limma method (http://www.bioconductor.org/packages/release/bioc/html/limma.html) in IMA was used to identify differentially methylated CpG (dmCpG) sites with the cut-off points of |∆β| >0.2 and a Benjamini and Hochberg (BH)-corrected P-value (P BH ) <0.05 (17) . OmicCircos is an R software package for generating high-quality circular plots and illustrates genomic data analyses. In the present study, OmicCircos was used to visualize the heatmap of the top 1,000 dmCpG sites.
Differential gene expression analysis. Raw data was normalized using RMA in the Bioconductor R package Affy (14) . Probe annotations were obtained by using the Bioconductor hgu133plus2.db package and Limma package was used for the identification of DEGs. |log 2 fold change (FC)| >1.5 and adjusted P-value <0.05 [corrected by BH method (17) ] were chosen as the threshold values for the DEGs. The heatmap of these DEGs was visualized with the OmicCircos package.
Association of DNA methylation and mRNA expression.
The overlapping genes between DEGs and DMGs (genes containing dmCpG sites) were abbreviated as OSCC genes, which may be more relevant to OSCC than using DEGs or DMGs alone. In this study, further functional analysis was performed on this set of genes.
Functional enrichment analyses. Gene ontology (GO) enrichment analysis of OSCC genes was performed using the bioinformatics analysis tool WebGestalt (http://www. webgestalt.org/), and the GO biological process (BP) terms were identified. P-value adjustment was performed by BH multiple testing correction (17) and enrichment was considered significant only if P BH <0.05. To investigate and understand the interactions among significantly enriched GO BP terms, cross-talk analysis of GO BP terms was conducted. A Cytoscape plug-in, EnrichmentMap (18) , was used for the visualization of the GO BP enrichment map. GO BP terms were connected according to genes that overlapped and were grouped by functional similarity.
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway (19) enrichment analysis of OSCC genes was performed using the bioinformatics analysis tool KOBAS 3.0 (http://kobas.cbi.pku.edu.cn/index.php) (20) with the criterion of P BH <0.05.
Survival analysis of OSCC genes. Survival analysis of OSCC genes was performed using a novel and powerful web-based tool, Gene Expression Profiling Interactive Analysis (http://gepia.cancer-pku.cn/), which is based on The Cancer Genome Atlas (TCGA; https://cancergenome.nih.gov/) and Genotype-Tissue Expression data (http://commonfund.nih. gov/GTEx/). The associated disease 'HNSCC' was selected (OSCC was categorized into HNSCC in TCGA). The other parameters were set as the default.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)
. OSCC SCC25 and human normal oral epithelial HIOEC cell lines were purchased from the American Type Culture Collection (ATCC; Manassas, VA, USA) and cultured in RPMI-1640 (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at 37˚C in 5% CO 2 , and supplemented with 10% FBS (PAA Laboratories GmbH, Cölbe, Germany) and 20 mM HEPES (Sigma-Aldrich; Merck KGaA). For RT-qPCR analysis, the total RNA of the SCC25 and HIOEC cells was isolated with TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The cDNA was synthesized by Transcriptor First strand cDNA Synthesis kit (Roche Diagnostics, Basel, Switzerland) using random primers and subjected to PCR amplification using rTaq polymerase (Takara Bio, Inc., Shiga, Japan). For each target gene, the PCR mixtures (Applied Biosystems; Thermo Fisher Scientific, Inc.) containing 2 µl of the diluted cDNA were prepared in a final volume of 20 µl. The PCR was performed with a total volume of 20 ml reaction mixture using FastStart Universal SYBR Green Master kit (Roche Diagnostics). qPCR assays were conducted in polypropylene 96-well plates on an ABI Prism 7000 sequence detection system (Applied Biosystems; Thermo Fisher Scientific, Inc.). Non-template controls were used to detect non-specific amplification. The quantitation cycle (Cq) value of each target product was determined and ΔCq between target and endogenous control was calculated. The difference in ΔCq values of the 2 groups (ΔΔCq) was used to calculate the fold increase (F=2 -ΔΔCq ) (21) and to determine the changes in target gene expression between control and sample groups. β-actin was used as the control gene. The primer pairs used for amplification are shown in Table II . GraphPad Prism Version 5.0 software for windows (GraphPad Software Inc., La Jolla, CA, USA) was used for statistical analysis.
Statistical analysis. All statistical analyses in this study were conducted based on R 3.4.3 (https://www.r-project.org/) and GraphPad Prism 5.0 (https://www.graphpad.com/scientificsoftware/prism/). |Log2FC|>1.5 and |∆β|>0.2 with an adjusted P-value of <0.05 was applied for screening of the DEGs and dmCpGs, respectively. Data analysis was performed by one-way analysis of variance followed by Tukey's test for multiple group comparisons, and Student's t-test was used for pairwise comparisons. The Kaplan-Meier method was used for patient survival estimations and the log-rank test was used for survival comparisons between different groups. P<0.05 was used to indicate a statistically significant difference.
Results

DNA methylation profile analysis between OSCC samples
and control samples. Subsequent to data preprocessing for all samples, 461,304 out of the original 485,577 CpG sites (95.0%) were retained, which were located in different regions, including that within 1,500 bps of a transcription start site (TSS1500), within 200 bp of the TSS (TSS200), the 5'-untranslated region (UTR), the first exon, the body, the 3'UTR, the island, the N shelf, the N shore and the S shelf. β-values of the 461,304 CpG sites are presented in Fig. 1A . It was found that the global methylation level of CpG sites in the normal control samples was higher compared with those in the OSCC samples. Additionally, the regions at close proximity to the promoter (TSS200) and 1,500 bp upstream of the promoter (TSS1500) were designated as the promoter region. A total of 140,003 CpG sites were found Male  Tongue  GSM1008754  Male  Tongue  GSM1008755  Female  Tongue  GSM1008756  Male  FOM  GSM1008757  Male  Tongue  GSM1008758  Female  FOM  GSM1008759  Male  FOM  GSM1008760  Male  Tongue  GSM1008761  Male  FOM  GSM1008762  Female  Tongue  GSM1008763  Female  Tongue  GSM1008764  Female  Tongue  GSM1008765  Male  Tongue  GSM1008766  Female  FOM  GSM1008767  Female  Tongue  GSM1008768  Male  Buccal cavity  GSM1008769  Male  FOM  GSM1008770  Male  Alveolus  GSM1008771  Male  FOM  GSM1008772  Male  Tongue  GSM1008773  Male  FOM  GSM1008774  Male  Buccal cavity  GSM1008775  Male  Alveolus  GSM1008776  Male  Tongue  GSM1008777  Male  Tongue  GSM1008778  Male  Tongue  GSM1008779  NA  Blood  GSM1008780 NA Blood FOM, floor of the mouth; NA, not available.
in the promoter region (Fig. 1B) and the level of methylation at the CpG sites in the promoter region showed a higher level in the OSCC group than that in the control samples. Of those 461,304 CpG sites, 15.8% CpG sites had β-value >0.8 in the OSCC samples (Fig. 1C) , and 25.3% CpG sites were hypermethylated (β-value >0.8) in the normal control samples (Fig. 1D) . Fig. 2A . CpG sites in the promoter, gene body and intergenic regions were 
DEG screening between OSCC samples and control samples.
With the criteria of |log 2 FC|>1.5 and an adjusted P-value of <0.05, a total of 508 DEGs were identified, consisting of 332 upregulated genes and 176 downregulated genes. The heatmap of these 508 DEGs with log 2 FC and adjusted P-value is shown in Fig. 3B .
Association between DNA methylation and mRNA expression. There were 82 overlapping genes between the 3,360 DMGs and 508 DEGs, termed the OSCC genes; this set of genes may be more relevant to OSCC. Further functional analysis was performed on these 82 OSCC genes.
GO and KEGG pathway enrichment analysis of OSCC genes.
In total, 48 significant GO BP terms were identified (Fig. 4A) . Using GO enrichment map view (Fig. 4B) , these 48 significant GO BP terms were mainly grouped into 3 clusters: A cluster associated with protein metabolism (including 'proteolysis', 'negative regulation of proteolysis', 'regulation of proteolysis', 'negative regulation of peptidase activity' and 'regulation of peptidase activity'), a cluster associated with the regulation of the metabolic process (including 'extracellular matrix disassembly', 'extracellular matrix organization' and 'extracellular structure organization') and a cluster associated with immune system (including 'immune response', 'cell migration', 'regulation of defense response', 'regulation of inflammatory response', 'defense response' and leukocyte migration'). In addition, 15 KEGG terms were enriched (Table III) , including 'tyrosine metabolism' and 'glycolysis/gluconeogenesis'.
Survival analysis for OSCC genes.
To investigate the associations between OSCC overall survival and the expression of these OSCC genes, Kaplan-Meier curve analysis was performed to obtain the prognostic signature (Fig. 5) . As a result, 6 genes were found, namely fibroblast activation protein α (FAP; upregulated), interferon α inducible protein 27 (IFI27; upregulated), laminin subunit γ2 (LAMC; upregulated), matrix metallopeptidase 1 (MMP1; upregulated), serine peptidase inhibitor Kazal-type 5 (SPINK5; downregulated) and zinc finger protein 662 (ZNF662; downregulated), were significantly associated with the survival of patients with OSCC.
RT-qPCR analysis. Differences in the expression of FAP, IFI27, LAMC2, MMP1, SPINK5 and ZNF662 between OSCC SCC25 cells and the human normal oral epithelial HIOEC cell line were investigated through RT-qPCR. Consistent with the results from the microarray analysis, the expression of FAP, IFI27, LAMC2 and MMP1 was significantly upregulated, while the expression of SPINK5 and ZNF662 was significantly downregulated in OSCC cells compared with that in normal cells, as shown in Fig. 6 . Cross-talk analysis of significantly enriched GO terms. Nodes and edges represent GO BP terms and associations between two terms respectively, larger node size and thicker edge indicates more genes contained in the GO BP terms and more overlapping genes between two GO BP terms. GO, Gene Ontology; BP, Biological Process; OSCC genes, overlapping genes between differentially expressed genes and differentially methylated genes; OSCC, oral squamous cell carcinoma.
Discussion
In the current study, it was found that 40,115 dmCpGs spanning 3,360 DMGs were aberrantly methylated in OSCC samples compared with those in normal samples; CpG sites in the promoter, gene body and intergenic regions were generally highly hypermethylated or hypomethylated. Additionally, 508 DEGs were identified in the OSCC samples, including 332 upregulated and 176 downregulated genes. A total of 82 overlapping genes between DEGs and DMGs were found, which were mainly involved in protein metabolism, regulation of the metabolic process and the immune system. Additionally, differential methylation or expression of several genes, namely FAP, IFI27, LAMC2, MMP1, SPINK5 and ZNF662, were significantly associated with the survival of patients with OSCC. DNA methylation in different genomic regions can alter gene expression. A previous study showed a causal association between gene body DNA methylation and gene expression (22) . Hypermethylation of CpG islands within the promoter regions of TSGs is believed to serve a crucial role in the development of carcinogenesis (23) . In the present study, to better address the function of dmCpGs sites, their neighborhood locational distribution was determined. As a result, it was found that >50% of hypermethylated sites were located in CpG islands, while >50% of the hypomethylated CpG sites were in the open sea. However, regardless of the neighborhood location of the promoter methylation sites, evidence has shown that DNA methylation in the promoter region is most often associated with transcriptional downregulation (24) .
In addition, the present study found that methylation and expression changes in the genome of patients with OSCC, according to functional enrichment analysis, interfere with protein metabolism, glycolysis/gluconeogenesis and the immune system. Proteolytic processing of E-cadherin that suppresses cell-cell adhesion of OSCC cells may facilitate the progression of OSCC (25) . Increased glucose transport and metabolism has been reported to be associated with poor prognosis in patients with OSCC (26) . Moreover, immune cell dysfunction in OSCC patients is an important factor influencing tumor growth (27) . One previous study indicated that the modulation of functional dynamics of regulatory T cells may be useful for immunotherapeutic strategy for patients with OSCC (27) . Regarding the biological processes and KEGG pathways likely to be impaired by methylation or expression changes in the present study, we suggested involvement of significant methylated genes in the progression of OSCC.
The present study found 82 genes that were overlapping between the 3,360 DMGs and 508 DEGs, of which 6 genes (FAP, IFI27, LAMC2, MMP1, SPINK5 and ZNF662) were predicted to be significantly associated with the survival of OSCC patients. Wang et al (28) demonstrated that the downregulation of FAP suppresses cell proliferation and metastasis in OSCC. In a study by Li et al (29) , OSCC was closely allied to certain key genes, including IFI27. Additionally, IFI27 was found to be dysregulated in patients with tongue squamous cell carcinoma (30) . LAMC2 was found to be significantly associated with lymph node metastasis in OSCC (31) , while MMP1 is a potential oral cancer marker (32, 33) . One previous study reported SPINK5 as one of the genes that were downregulated in HNSCC (34) . Therefore, we hypothesize that the dysregulation of these genes caused by epigenetic changes may be a suitable mechanism linked to the development of OSCC and that these 6 genes may serve as prognostic biomarkers in OSCC treatment. However, the potential clinical significance of these genes should be verified by further experiments.
In summary, genome-wide DNA methylation profiling revealed a set of DMGs in OSCC patients. Moreover, by integration of gene expression data, it was suggested that the dysregulation of FAP, IFI27, LAMC2, MMP1, SPINK5 and ZNF662 genes caused by epigenetic changes via DNA methylation may be associated with the development and progression of OSCC, and that these genes may be useful prognostic markers with potential clinical significance in OSCC treatment, thus deserving further investigation. 
